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Abstract 

Background: Psychological models predict behaviour in a wide range of settings. The aim of this study was to 
explore the usefulness of a range of psychological models to predict the health professional behaviour 'referral for 
lumbar spine x-ray in patients presenting with low back pain' by UK primary care physicians. 

Methods: Psychological measures were collected by postal guestionnaire survey from a random sample of primary 
care physicians in Scotland and north England. The outcome measures were clinical behaviour (referral rates for 
lumbar spine x-rays), behavioural simulation (lumbar spine x-ray referral decisions based upon scenarios), and 
behavioural intention (general intention to refer for lumbar spine x-rays in patients with low back pain). 
Explanatory variables were the constructs within the Theory of Planned Behaviour (TPB), Social Cognitive Theory 
(SCT), Common Sense Self-Regulation Model (CS-SRM), Operant Learning Theory (OLT), Implementation Intention 
(II), Weinstein's Stage Model termed the Precaution Adoption Process (PAP), and knowledge. For each of the 
outcome measures, a generalised linear model was used to examine the predictive value of each theory 
individually. Linear regression was used for the intention and simulation outcomes, and negative binomial 
regression was used for the behaviour outcome. Following this 'theory level' analysis, a 'cross-theoretical construct' 
analysis was conducted to investigate the combined predictive value of all individual constructs across theories. 

Results: Constructs from TPB, SCT, CS-SRM, and OLT predicted behaviour; however, the theoretical models did not 
fit the data well. When predicting behavioural simulation, the proportion of variance explained by individual 
theories was TPB 11.6%, SCT 12.1%, OLT 8.1%, and II 1.5% of the variance, and in the cross-theory analysis 
constructs from TPB, CS-SRM and II explained 16.5% of the variance in simulated behaviours. When predicting 
intention, the proportion of variance explained by individual theories was TPB 25.0%, SCT 21.5%, CS-SRM 11.3%, 
OLT 26.3%, PAP 2.6%, and knowledge 2.3%, and in the cross-theory analysis constructs from TPB, SCT, CS-SRM, and 
OLT explained 33.5% variance in intention. Together these results suggest that physicians' beliefs about 
conseguences and beliefs about capabilities are likely determinants of lumbar spine x-ray referrals. 

Conclusions: The study provides evidence that taking a theory-based approach enables the creation of a 
replicable methodology for identifying factors that predict clinical behaviour. However, a number of conceptual 
and methodological challenges remain. 
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Background 

Healthcare systems and professionals fail to deliver the 
quality of care to which they aspire. Multiple studies inter- 
nationally have observed evidence to practice gaps demon- 
strating that 30 to 40 percent of patients do not get 
treatments of proven effectiveness, and equally discoura- 
ging, up to 25 percent of patients receive unnecessary care 
that is potentially harmful [1-3]. Such evidence to practice 
gaps have significant adverse effects on the health and 
social welfare of citizens and economic productivity. 

Lumbar spine imaging for low back pain in primary 
care settings is an example of an evidence to practice 
gap. Low back pain is an extremely common presenta- 
tion in primary care. However, lumbar spine imaging in 
patients under 50 years is of limited diagnostic benefit 
within primary care settings [4]. Globally, clinical guide- 
lines for the management of low back pain do not 
recommend routine imaging of patients with low back 
pain [4-8]. Furthermore, standard lumbar spine x-rays 
(the most common imaging modality used by UK pri- 
mary care physicians) are associated with significant 
ionising radiation dosage. Despite this, lumbar spine x- 
rays are the fourth most common x-ray request from 
UK primary care physicians [9], with x-ray referrals con- 
tinuing at the rate of 7 per 1000 patients per year [10]. 
We conducted a trial that found that for the majority of 
primary care physician requests, case note review could 
not identify appropriate indications for referral [10]. The 
trial also observed a reduction in lumbar spine x-rays of 
20 percent without apparent adverse effects following 
the introduction of educational messages [10]. 

Recognition of evidence to practice gaps has led to 
increased interest in more active strategies to dissemi- 
nate and implement evidence. Over the past two dec- 
ades, a considerable body of implementation research 
has been developed [11]. This research demonstrates 
that dissemination and implementation interventions 
can be effective, but provides little information to guide 
the choice or optimise the components of such complex 
interventions in practice [12,13]. The effectiveness of 
interventions appears to vary across different clinical 
problems, contexts, and organizations. Our understand- 
ing of potential barriers and enablers to dissemination 
and implementation is limited and hindered by a lack of 
a 'basic science' relating to determinants of professional 
and organizational behaviour and potential targets for 
intervention [14]. The challenge for implementation 
researchers is to develop and evaluate a theoretical base 
to support the choice and development of interventions 
as well as the interpretation of implementation study 
results [15]. Despite recent increased interest in the 
potential value of behavioural theory to predict health- 
care professional behaviour, relatively few studies have 



assessed this. A recent review by Godin et al. explored 
the use of social cognitive models to better understand 
determinants of health care professionals' intentions and 
behaviours [16]. They identified 72 studies that provided 
information on the determinants of intention, but only 
16 prospective studies that provided information on the 
determinants of behaviour. 

The current study, one part of the PRIME (PRocess 
modelling in ImpleMEntation research) study) [17], 
aimed to investigate the use of a number of psychologi- 
cal theories to explore factors associated with primary 
care physician lumbar spine x-ray referrals. Previous 
PRIME studies have used similar methods to explore 
factors associated with primary care physicians' use of 
antibiotics for sore throats and general dental practi- 
tioners' use of routine intra-oral x-rays and preventive 
fissure sealants [18-20]. Variables were drawn from the 
Theory of Planned Behaviour (TPB) [21], Social Cogni- 
tive Theory (SCT) [22], Operant Learning Theory 
(OLT) [23] (http://www.bfskinner.org/BFSkinner/Home. 
html, Implementation Intentions (II) [24], Common 
Sense Self-Regulation Model (CS-SRM) [25], and Wein- 
stein's Stage Model termed the Precaution Adoption 
Process (PAP) [26,27]. These specific theories, which are 
described in detail elsewhere [28], were chosen because 
they predict behaviour but vary in their emphasis. Some 
focus on motivation, proposing that motivation deter- 
mines behaviour, and therefore the best predictors of 
behaviour are factors that predict or determine motiva- 
tion {e.g., TPB). Some place more emphasis on factors 
that are necessary to predict behaviour in people who 
are already motivated to change {e.g., II). Others propose 
that individuals are at different stages in the progress 
toward behaviour change, and that predictors of beha- 
viour may be different for individuals at different stages 
{e.g., PAP). The specific models used in this study were 
chosen for three additional reasons. First, they have 
been rigorously evaluated with patients or with healthy 
individuals. Second, they allow us to examine the influ- 
ence on clinical behaviour of perceived external factors, 
such as patient preferences and organisational barriers 
and facilitators. Third, they all explain behaviour in 
terms of variables that are amenable to change. 

The objective of this study was to identify those the- 
ories and the theoretical constructs that predicted clini- 
cal behaviour, behavioural simulation (as measured by 
the decisions made in response to five written clinical 
scenarios) and behavioural intention for lumbar spine x- 
ray referral. 

Methods 

The methods of the study are described in detail else- 
where [17-20]. Briefly, this was a predictive study of the 



Grimshaw et al. Implementation Science 201 1, 6:55 
http://www.implementationscience.eom/content/6/1/55 



Page 3 of 13 



theory-based cognitions and clinical behaviours of pri- 
mary care physicians; in this paper, we report data on 
primary care physicians' lumbar spine x-ray requests. 
Study participants were a random sample of primary 
care physicians selected from a list of all such physi- 
cians in selected regions of Scotland (Grampian, Tay- 
side, Lothian) and north England (Durham, Newcastle 
and South Tees) by a statistician using a list of ran- 
dom sampling numbers. Data on theory-based cogni- 
tions (predictor measures) and two interim outcome 
measures (stated behavioural intention and beha- 
vioural simulation) were collected by postal question- 
naire survey during the 12-month period to which the 
behavioural data related. Behavioural data were col- 
lected from routine data systems in the hospitals that 
primary care physicians reported as their referral cen- 
tres for lumbar spine x-rays. Planned analyses 
explored the predictive value of theories and theory- 
based cognitions in explaining variance in the beha- 
vioural data. 

Predictor measures 

Theoretically-derived measures were developed follow- 
ing standard operationalisation protocols wherever pos- 
sible [21,29-33]. The cognition questions were 
developed from semi-structured interviews with 18 pri- 
mary care physicians in Scotland and north England 
that lasted up to 60 minutes. The interviews use stan- 
dard elicitation methods and covered physicians' views 
and experiences about managing patients with low back 
pain. Responses were used to create the questions mea- 
suring constructs. Five knowledge questions were devel- 
oped by the study team based on issues for which there 
was good evidence. Table 1 provides a summary of the 
predictor measures used in this study (see also [28]); the 
instrument is available as Additional File 1. Unless 
otherwise stated, all questions were rated on a 7-point 
scale from 'strongly disagree' to 'strongly agree.' We 
aimed to include at least three questions per psychologi- 
cal construct. 

Outcome measures 
Behaviour 

The number of lumbar spine x-ray imaging requests 
made by each primary care physician over 12 months 
were obtained from the hospitals that the responding 
primary care physicians identified as their radiology 
referral centres. At the time of the study, primary care 
physicians in the United Kingdom did not have open 
access to other modalities of lumbar imaging (CT and 
MRI scans). We standardised our behaviour by the 
number of patients registered with the primary care 
doctor to reflect differences in workloads of the partici- 
pating primary care doctors. 



Behavioural simulation 

Our measure used vignettes to simulate clinical deci- 
sion-making in specific situations; such measures have 
been shown to be predictive of behaviour, though less 
so than general measures of intention [34]. Key ele- 
ments which may influence primary care physicians' 
decisions to refer for a lumbar spine x-ray on patients 
with low back pain were identified from the literature, 
opinion of the clinical members of the research team, 
and the interviews with primary care physicians. From 
this, five clinical scenarios were constructed describing 
patients presenting in primary care with low back pain. 
Respondents were asked to decide whether or not they 
would request a lumbar spine x-ray for each scenario, 
and decisions to request an x-ray were summed to cre- 
ate a total score out of a possible maximum of five. 
Behavioural intention 

Three questions assessed primary care physicians' inten- 
tion to refer patients presenting with low back pain for 
lumbar spine x-ray: 

'When a patient presents with back pain, I have in 
mind to refer them for X-ray, I intend to refer 
patients with back pain for an X-ray as part of their 
management, I aim to refer patients with back pain 
for an X-ray as part of patient management (rated 
on a 7-point scale from 'Strongly Disagree' to 
'Strongly Agree').' 

Responses were summed (range 3 to 21) and scaled so 
that a low score equated with a low intention to refer 
for lumbar spine x-ray. 

Procedure 

Participants were mailed an invitation pack (letter of 
invitation, questionnaire consisting of psychological and 
demographic measures, a form requesting consent to 
allow the research team to access the respondent's refer- 
ral data, a study newsletter, and a reply paid envelope) 
by research staff. Initially, 700 primary care physicians 
were surveyed between July and mid- August 2003. Due 
to a low initial response rate, a further sample of 400 
primary care physicians were surveyed between October 
and December 2003. Two postal reminders were sent to 
non-responders at two and four weeks. Behavioural data 
were collected over a one-year period, from approxi- 
mately six months before to six months after the assess- 
ment of cognitions. 

Sample size and statistical analysis 

The target sample size of 200 was based on a recom- 
mendation by Green [35] to have a minimum of 162 
subjects when undertaking multiple regression analysis 
with 14 predictor variables. 
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Table 1 Summary of the explanatory measures 



Theory of Planned Behaviour (Ajzen, 1991) 

Constructs (number of questions) 
Behavioural intention (3) 

Attitude: Direct (3); Indirect" 1 (8 behavioural beliefs (bb) multiplied by 8 
outcome evaluations (oe). The score was the mean of the summed 
multiplicatives.) 

Subjective Norm: Indirect (4 normative beliefs (nb) multiplied by 4 
motivation to comply (mtc) questions. The score was the mean of the 
summed multiplicatives). 

Perceived Behavioural Control: Direct (4); Indirect/power (14) c 



Social Cognitive Theory (Bandura,1998) 

Risk Perception (3) 

Outcome Expectancies 

Self (2x2), Behaviour (8x8). The score was the mean of the summed 
multiplicatives. 

Self Efficacy: General: Generalized Self-Efficacy Scale (Schwarzer, 1992) (10: 
4 point scale, not at all true/exactly true); Specific (7) 

Implementation Intention (Gollwitzer, 1993) 

Action planning (3) 

Operant Learning Theory (Skinner, Blackman, 1974) 

Anticipated consequences (3) 

Evidence of habit (2) 

Experienced (rewarding and punishing) consequences (4: more likely to 
refer (score = 1); less likely (score=-1); unchanged/not sure/never 
occurred (score = 0)). Scores were summed. 



Example Question(s) 

I intend to refer patients with back pain for an X-ray as part of their 
management 

Direct: In general, the possible harm to the patient of a lumbar spine X- 
ray is outweighed by its benefits; Indirect: In general, referring patients 
with back pain for an X-ray would reassure them (bb) x reassuring 
patients with back pain is (oe: un/important) 

I feel under pressure from the NHS not to refer patients for an X-ray (nb) 
x How motivated are you to do what the NHS thinks you should (mtc: 
very much/not at all) 

Direct: Whether I refer patients for a lumbar X-ray is entirely up to me. 
Indirect: Without an X-ray, how confident are you in your ability to treat 
patients with back pain who expect me to refer them for an X-ray 

It is highly likely that patients with back pain will be worse off if I do not 
refer them for an X-ray. 

Self: If I refer a patient with back pain for an X-ray, then I will think of 
myself as a competent GP x Thinking of myself as a competent GP is 
(Un/lmportant) Behaviour: See Attitude (Theory of Planned Behaviour) 

General: I can always manage to solve difficult problems if I try hard 
enough Specific: How confident are you in your ability to treat back 
problems without using an X-ray report 

Currently, my standard method of managing patients with back pain 
does not include referring them for an X-ray 

If I start routinely referring patients with back pain then, on balance, my 
life as a GP will be easier in the long run 

When I see a patient with back pain, I automatically consider referring 
them for an X-ray 

Think about the last time you referred a patient for a lumbar spine X-ray 
and felt pleased that you had done so. Do you think the result of this 
episode has made you: Think about the last time you decided not to 
refer a patient for a lumbar spine X-ray and felt sorry that you had not 
done so. Do you think the result of this episode has made you: 

Back pain as seen in general practice is generally of an intense nature 
Back pain is caused by stress or worry 

What the patient does can determine whether back pain gets better or 
worse, What I do can determine whether the patient's back pain gets 
better or worse 

Back pain as seen in general practice is very unpredictable 
Back pain does not have much effect on a patient's life 

have a clear picture or understanding of back pain 
Seeing patients with back pain does not worry me 



Common Sense Self-regulation Model (Leventhal et al., 1984) 

Perceived identity (3) 
Perceived cause (8) 
Perceived controllability (7) 

Perceived duration (5) 
Perceived consequences (3) 
Coherence (2) 
Emotional response (4) 

Precaution Adoption Process (Stage model)(Weinstein, 1988; Weinstein, Rothman & Sutton, 1998) 

Current stage of change. A single statement is ticked to indicate the Unmotivated (3): I have not yet thought about changing the number of 
behavioural stage lumbar X-rays I currently request. It has been a while since I have thought 

about changing the number of lumbar X-rays I request. Motivated (2): I 
have thought about it and decided that I will not change the number of 
lumbar X-rays I request. I have decided that I will request more lumbar X- 
rays. I have decided that I will request less lumbar X-rays. Action (1): I 
have already done something about increasing the number of lumbar X- 
rays I request I have already done something about decreasing the 
number of lumbar X-rays I request 
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Table 1 Summary of the explanatory measures (Continued) 
Other Measures 

Knowledge (5) (True/False/Not Sure) The presence of spondolytic changes on a lumbar spine X-ray correlates 

well with back pain 

Demographic Post code, gender, time qualified, number of other doctors in practice, 

trainer status, hours per week, list size 

a All indirect measures consist of specific belief questions identified in the preliminary study as salient to the management of low back pain. 
b These individuals and groups were identified in the preliminary study as influential in the management of low back pain. 

c An indirect measure of perceived behavioural control usually would be the sum of a set of multiplicatives (control beliefs x power of each belief to inhibit/ 
enhance behaviour). However, the preliminary study demonstrated that it proved problematic to ask clinicians meaningful questions which used the word 
'control' as clinicians tended to describe themselves as having complete control over the final decision to perform the behaviour. Support for measuring 
perceived behavioural control using only questions as to the ease or difficulty of performing the outcome behaviour was derived from a metanalysis which 
suggested that perceived ease/difficulty questions were sensitive predictors of behavioural intention and behaviour (Trafimow et al., 2002). 

d Illness representation measures were derived from the Revised Illness Perception Questionnaire (Moss-Morris, R., Weinman, J., Petrie, K. J., Home, R., Cameron, L. 
D., & Buick, D. 2002). 



The internal consistency of the measures was tested 
using Cronbach's alpha. If this was less than 0.6, then 
questionnaire items were removed from each measure 
to achieve the highest Cronbach's alpha possible. For 
constructs with only two questions, a correlation coeffi- 
cient of 0.25 was used as a cut off. 

For each of the three outcome variables, we examined 
the relationship between predictor and outcome vari- 
ables within the structure of each of the theories indivi- 
dually. Spearman's correlation (for behaviour outcome) 
and Pearson Correlation Coefficients (for behavioural 
simulation and intention outcomes) between the indivi- 
dual constructs and the outcome measures were calcu- 
lated. Given the distribution of the behavioural data, we 
used negative binomial regression (NBR) to model the 
predictive ability of individual theoretical constructs and 
complete theories. NBR is used to model count exhibit- 
ing over dispersion, as in the case of the behaviour out- 
come data in this study. We reported incidence rate 
ratios (IRR) from the NRB models. IRRs estimate the 
change in the rate of the dependent variable associated 
with changes in the independent variables. NBR does 
not generate a direct equivalent of an R 2 statistic to esti- 
mate the proportion of variance in the dependent vari- 
able explained by models. However, it is possible to 
compute a number of different R statistics to explore 
the goodness of fit of the model [36]. The pseudo-R 2 we 
chose to use was McFaddens' adjusted R 2 because it 
penalizes models in the spirit of adjusted R in linear 
regression for adding more variables to a model (see 
Additional File 2 for further discussion). Linear regres- 
sion was used for intention and behavioural simulation. 
For the five 'perceived cause of illness' questions in the 
CS-SRM, responses were dichotomized into scores of 
five to seven (indicating agreement that the cause in 
question was responsible for low back pain) versus any- 
thing else (indicating disagreement). These dichotomous 
variables were then entered as independent variables 
into the regression models. The relationship between II 
and intention was not explored as it is a post-intentional 



theory. For the analysis of the PAP, respondents were 
dichotomized into two groups (decided to reduce or 
have already reduced x-rays versus other responses) and 
the relationship between predictive and outcome vari- 
ables were examined using regression models. Finally, 
for predictors p < 0.25 irrespective of whether or not 
they came from the same theory, we conducted a cross- 
theoretical construct analyses that examined the rela- 
tionship between predictive and outcome variables. 

Ethics approval 

The study was approved by the UK South East Multi- 
Centre Research Ethics Committee (MREC/03/01/03). 

Results 

Of the 1,100 primary care physicians approached, 299 
(27%) agreed to participate. Most respondents provided 
usable data on intention (296) and behavioural simulation 
(297), and we were able to obtain imaging request data 
from 287 (Figure 1). Numbers included in analyses vary 
between the outcome measures because complete case 
analysis was used. For the negative binomial regression 
analyses, we had complete data from 240 respondents. 

Fifty eight percent of the respondents were male. 
Respondents had been qualified for a mean (SD) of 21 
(8) years. They had a median inter-quartile range (IQR) 
list size of 1,450 registered patients, a median IQR of 
4.8 (3.6 to 6.8) partners, and worked a median IQR of 8 
(6 to 9) half day sessions a week; 45 (15%) were trainers. 
Descriptive statistics for the independent variables are 
provided in Table 2. 

Relationship between the three outcome measures 

The three outcome measures were significantly (though 
weakly) correlated with each other: for behaviour and 
behavioural simulation, the Spearman's rho statistic was 
0.169 (p = 0.004); similarly for behaviour and behavioural 
intention it was 0.165 (p = 0.005); and for behavioural 
simulation and behavioural intention the Pearson's r was 
0.313 (p < 0.001). 
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Mailed: 1100 



Response: 528 (48%) 



No response: 572 (52%) 



Completed questionnaire returned: 299 (57%) 



Blank questionnaire returned: 201 (38%) 



Ineligible: 28 (5%) no longer in practice 



Consented: 287 (96%) 



Withheld consent: 12 (4%) 



Consented & behavioural data 
280 (98%) 



Consent no behavioural data 
7 (2%) 



Complete case data for negative 
binomial regression 
240 (80%) 



Incomplete data 
40 (20%) 



Figure 1 Response rates 



Predicting behaviour 

The mean number of lumbar spine x-rays was 5.0 per 
1,000 patients registered per year. The results of analyses 
are shown in Table 3. Individual construct analyses sug- 
gested that constructs from TPB (attitudes, intention, 
and perceived behavioural control), SCT (risk perception, 
self efficacy), OLT (anticipated consequences) and CS- 
SRM (cause - aging) significantly predicted the lumbar 
spine referrals. To aid interpretation of the results, we 
provide the following example; intention had a mean 
score of 2.1 (SD 1.0), the IRR was 1.29 - this suggests 
that for every point increase in intention (equivalent in 
this example to one SD), lumbar spine referrals would 
increase by 29.0%. Theory-level analyses (Table 3) sug- 
gested that TPB (perceived behavioural control), SCT 
(risk perception), OLT (anticipated consequences), CS- 
SRM (control - by patient, cause - poor prior medical 
care, cause - patients' own behaviours, cause - aging) pre- 
dicted behaviour. II, PAP, and knowledge did not predict 
behaviour. However, the goodness to fit measures sug- 
gested that the theoretical models did not predict beha- 
viour data in this dataset (McFadden's pseudo R 2 range 
from 0 to 0.004, see also Additional file 2 for addition 
goodness to fit measures). In the cross-theoretical con- 
struct analysis, constructs from TPB (attitudes) and CS- 
SRM (coherence, cause - poor prior medical care, control 
- by patient) were retained in the regression model; again 
the goodness of fit models performed poorly (Table 4). 

Predicting behavioural simulation 

In response to the five clinical scenarios, the respondents 
indicated that they would refer for lumbar spine x-ray in a 



mean (SD) of 1.5 (1.2) cases. The median number of refer- 
rals was 1 with a range of 0 to 3. From Table 5, the indivi- 
dual constructs that predicted behavioural simulation (i.e., 
what primary care physicians said they would do in 
response to the specific clinical scenarios) were: TPB (atti- 
tudes, social norms, perceived behavioural control, and 
intention), SCT (risk perception, outcome expectancies, 
and self efficacy); II; OLT (anticipated consequences, evi- 
dence of habitual behaviour); CS-SRM (control - by treat- 
ment, control - by patient, control - by doctor, cause - 
ageing, emotional response treatment). Neither knowledge 
nor PAP predicted behavioural simulation. 

The results of the theory-level analyses are shown in 
Table 5. The TPB explained 11.6% of the variance in beha- 
vioural simulation, SCT explained 12.1%, II explained 
1.5%, and OLT explained 8.1%. In the cross-theoretical 
construct analysis, constructs from TPB (perceived beha- 
vioural control), II and CS-SRM (cause - ageing) were 
retained in the regression model, together explaining 
16.5% of the variance in the scenario score (Table 4). 

Predicting behavioural intention 

With the range of possible scores for intention of 1 to 7, 
the mean (SD) intention score was 2.1 (1.0); the median 
intention score was 1.6 with a range of 1 to 5.5. The con- 
structs that predicted behavioural intention were: TPB 
(attitudes, subjective norms, perceived behavioural con- 
trol); SCT (risk perception, outcome expectancy, self effi- 
cacy); OLT (anticipated consequences, evidence of 
habitual behaviour); CS-SRM (control - treatment, control 
- patient, control - doctor, cause - stress, emotional 
response, and coherence); knowledge; and PAP (Table 5). 
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Table 2 Descriptive statistics 



Theory 


Predictive Constructs 


N 


Alpha 


Mean 


(SD) 


Respondents agreeing with item (%) 


Theory of 


Attitude direct 


2 


0.25 


4.6 


(1.2) 




Planned 


Attitude indirect 


A 


0.75 


18.6 


(6.9) 




Behaviour 


Subjective Norm 


4 


0.68 


15.0 


(4.8) 






Intention 


3 


0.69 


2.1 


(1.0) 






PBC direct 


■1 


0.63 


4.5 


(1.1) 






PBC power 


14 


0.91 


3.1 


(1.0) 




Social Cognitive Theory 


Risk perception 


2 


0.46 


2.2 


(1.0) 






Outcome expectancies 


6 


0.76 


13.9 


(8.3) 






Self efficacy 


14 


0.93 


3.2 


(0.8) 






Generalised self efficacy 


10 


0.87 


2.8 


(0.4) 




implementation Intention 


Action Planning 


- 


_ 


2.4 


(1.6) 




Operant Learning Theory 


Anticipated consequences 


2 


0.46 


2.2 


(1.0) 






Evidence of habitual behaviour 


2 


0.60 


3.3 


(1.7) 




Common Sense 


Identity of condition 


3 


0.49 


4.2 


(0.8) 




Self-regulation 


Timeline acute 


2 


0.19 


3.4 


(0.8) 




Model 


Timeline cyclica 


3 


0.54 


4/1 


(0.9) 






Control - by treatment 


3 


0.66 


5.6 


(0.8) 






Control - by patient 


2 


0.85 


5.7 


(1.0) 






Control - by doctor 


2 


0.36 


5.3 


(0.9) 






Cause - stress 










1 26 (42) 




Cause - family problems 


, 








1 1 7 (39) 




Cause - poor prior medical care 


I 








66 (22) 




Cause - patient's own behaviour 


I 








225 (85) 




Cause - ageing 










217 (73) 




Cause - bad luck 










140 (47) 




Cause - overwork 










148 (49) 




Consequence 


2 


0.21 


4.8 


(0.8) 






Emotional Response 


■1 


0.69 


5.1 


(1.0) 






Coherence 


2 


0.74 


2.7 


(1.0) 




Precaution Adoption Process 












157 (53)+ 


Other 


Knowledge 


5 


0.21 


3.1 


(1.0) 





*p<0.05; ♦* p<0.01; »**p<0.001. 
Alpha = Cronbach's. 

f Number of respondents who replied 'I have decided that I will request less lumbar X-rays' or 'I have already done something about decreasing the number of 
lumbar X-rays I request.' 



The results of the theory level analyses are shown in 
Table 5. The TPB explained 25% of the variance in beha- 
vioural intention, SCT 21.5%, OLT 26.3%, CS-SRM 11.3%, 
knowledge 2.3%, and PAP explained 2.6%. In the cross- 
theoretical construct analysis, constructs from TPB (per- 
ceived behavioural control), OLT (evidence of habitual 
behaviour, outcome expectancy), CS-SRM (control - treat- 
ment) were retained in the regression model, together 
explaining 33.5% of the variance in intention (Table 4). 

Discussion 

We have successfully developed and applied psychologi- 
cal theory-based questionnaires that have, in the context 
of ordering of lumbar spine x-rays in the management 
of patients with low back pain been able to predict two 



proxies for behaviour (behavioural simulation and inten- 
tion) and (to a lesser extent) behaviour. 

Overall interpretation 

Low back pain is a frequent presenting problem in pri- 
mary care settings. However, the use of x-rays in clini- 
cal management of low back pain is relatively 
infrequent. In the theory level analysis predicting clini- 
cal behaviour, constructs relating to beliefs about conse- 
quences (SCT (risk perception) and CS-SRM (cause - 
poor prior medical treatment, cause - patient's own 
behaviour and cause-ageing, control - patient) and 
beliefs about capabilities (TPB (perceived behavioural 
control)) all significantly predicted behaviour. Looking 
across our two other outcome measures, there are also 
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Table 3 Predicting behaviour by psychological theory: negative binomial regression analyses 



Theory 


Predictive Constructs 


IRR Individual 


and p-value 


IRR model 


Theory of Planned 


Intention 


1.285 


0.008 


1.097 




Behaviour 


PBC direct 


1.023 


0.823 


1.175 






PBC power 


1.427 


< 0.001 


1 .444** 


R 2 = 0.004 


Social Cognitive Theory 


Risk perception 


1.444 


< 0.001 


1 .392** 






Outcome expectancies 


1.019 


0.080 


1.001 






Self efficacy 


1.363 


0.019 


1.110 






Generalised self efficacy 


0.855 


0.564 


0.823 


R 2 = 0.002 


Implementation Intention 




1.111 


0.138 


1.111 


R 2 = 0.000 


Operant Learning Theory 


Anticipated consequences 


1.449 


< 0.001 


1 .41 3** 






Evidence of habitual behaviour 


1.089 


0.179 


1 .01 7 


R 2 = 0.004 


Common Sense 


Identity of condition 


0.864 


0.278 


U.OO/ 




Self-regulation 


Timeline acute 


1.08 


0.957 


.uzo 




Model 


Timeline cyclical 


1.187 


0.196 


I .Hi 






Control - by treatment 


1.105 


0.970 


1 1 7n 
I . I /u 






Contro - by patient 


0.869 


0.142 


U./ZJ 






Contro - by doctor 


0.936 


0.524 








Cause - stress 


1.191 


0.370 


0.51 9 






Cause - family problems 


1.345 


0.130 


2.526 






Cause - poor prior medical care 


1.403 


0.134 


1.70* 






Cause - patient's own behaviour 


0.897 


0.581 


0.592* 






Cause - ageing 


1.609 


0.028 


1.671* 






Cause - bad uck 


0.712 


0.080 


0.759 






Cause - overwork 


0.878 


0.502 


0.969 






Consequence 


1.006 


0.902 


1.060 






Emotional Response 


0.962 


0.699 


1.005 






Coherence 


1.231 


0.046 


1.171 


R 2 = 0.000 


Precaution Adoption Process 




0.871 


0.599 


0.871 


R 2 = 0.000 


Knowledge 




0.859 


0.104 


0.859 


R 2 = 0.000 


*p < 0.05; ** p < 0.01; ***p < 0.001. 












Alpha = Cronbach's; IRR Individual = 


ncidence rate ratio from a regression 


model with the single construct independent variable IRR Model = 


incidence rate 


ratio from the theoretical model with 


all constructs included as independent variables. R 2 is MacFadden's 


adjusted R 2 . 







suggestions that beliefs about consequences (attitudes, 
outcome expectancies, risk perception, anticipated con- 
sequences) and beliefs about capabilities (PBC, self effi- 
cacy) may be important. In addition, II predicted 
behavioural simulation and OLT (evidence of habitual 
behaviour) predicted intention. The theories individually 
explained a significant proportion of the variance in 
behavioural simulation and intention, but overall were 
poorly predictive of behaviour. Together, these findings 
suggest both beliefs about consequences and beliefs 
about capabilities are likely determinants of lumbar 
spine x-ray requests. 

This is a correlational study, so the causative aspects 
of the theories and their constructs remain untested in 
this population; but it is promising for the utility of 
applying psychological theory to changing clinical beha- 
viour that the constructs are acting as the theories 
expect. These results suggest that an intervention that 



specifically targets predictive elements should have the 
greatest likelihood of success in influencing the imple- 
mentation of this evidence-based practice. 

The PRIME study has evaluated the predictive value 
of a range of theories across different behaviours (pre- 
scribing antibiotics for upper respiratory tract infec- 
tions, or URTIs, taking dental radiographs, placing 
preventive fissure sealants), target professional groups 
(primary care doctors, dentists), and contexts 
[17,19,20,37]; we have demonstrated that different con- 
structs predicted different proportions of the variance 
in the intention and behaviour. This raises the ques- 
tion of how best to identify relevant theories specific 
to different behaviours and clinical groups. One option 
would be to undertake preliminary work to identify the 
key construct domains that are likely to influence the 
target behaviours, and use them to specify potentially 
relevant theories [38,39]. 
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Table 4 Results of the stepwise regression cross-theoretical construct analyses 



Predictive Constructs 


Entered 






Outcome: Ordering lumbar spine x-rays 




IRR 


Adj. R 2 


TPB: Attitude Indirect and Direct; PBC Power; Intention 


Coherence 


1.122* 





SCT: Risk Perception; Self Efficacy 

Operant learning theory: anticipated consequences; Evidence of habitual 
behaviour 

Implementation Intention 

CS-SRM Timeline cyclical; Control - by patient; Cause - family problems, poor 

prior medical care, ageing, bad luck; Coherence 

Knowledge 

Control - by patient 0.897* 

Attitude Direct 1.017*** 

Cause - poor prior 1.848** 0.01 5t 
medical care 



Outcome: Behavioural Simulation Beta Adj. R 2 df F 

TPB: Attitude Indirect and Direct; PBC Power and PBC Power direct; Intention Action Planning 0.272*** 

SCT: Risk Perception; Outcome expectancy Self Efficacy 

Operant learning theory: Anticipated Consequences; Evidence of Habitua 

Behaviour 

Implementation Intention 

CS-SRM: Control - by treatment, patient, doctor; Cause - ageing; Coherence; 
Emotional Response 
Precaution Adoption Process 

PBC Power 0.252*** 

Cause -ageing 0.126* 0.165 3,277 19.4 ! 



Outcome: Behavioural Intention Beta Adj. R 2 df F 

TPB: Attitude Indirect and Direct; Subjective Norm; PBC Power and PBC Power PBC Power 0.273*** 
direct 

SCT: Risk Perception; Outcome expectancy Self Efficacy 

Operant learning theory: anticipated consequences; Evidence of Habitual 

Behaviour 

CS-SRM: Control - by treatment, patient and doctor; Cause- stress; Coherence; 
Emotional Response 
Precaution Adoption Process 
Knowledge 

Evidence of Habitual 0.286*** 
Behaviour 

Outcome 0.169** 
expectancy 

Control - by -0.115* 0.335 4,275 36.1 ■ 

treatment 

*p < 0.05; ** p < 0.01; ***p < 0.001. 

PBC = perceived behavioural control; TPB = Theory of Planned Behaviour; SCT = Social Cognitive Theory; CS-SRM = Common Sense Self-Regulation Model, 
t McFadden's pseudo R 2 . 



Strengths and weaknesses 

Operationalising our behaviour of interest in the surveys 
that reflected the available behavioural data was challen- 
ging. Our behaviour of interest was managing patients 
with low back pain without referral for lumbar spine x- 
ray. However, we could only get behavioural data on the 
number of lumbar spine x-ray referrals ordered by pri- 
mary care physicians. In general, we tried to word the 
survey questions to correspond to the available beha- 
vioural data (e.g., 'when a patient presents with back 



pain, I have in mind to refer them for X-ray'). However, 
we found it difficult to frame some questions that corre- 
sponded to the behavioural data and clinically sensible. 
As a result the final questionnaire, included some ques- 
tions worded in terms of doing the behaviour (e.g., in 
general, referring patients with back pain for an X-ray 
would...) and some worded in terms of not doing the 
behaviour (e.g., without an x-ray, how confident are you 
in your ability to...). This raises the issue of whether 
doing and not doing a behaviour are two sides of the 
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Table 5 Predicting behavioural simulation and intention by psychological theory: correlation and multiple regression 
analyses 









Behavioural simulation 






Behavioural intention 




Theory 


Predictive Constructs 


r 


Beta 


R2 df 


F 


r 


Beta 


R2 


df 


F 










(adj) 








(adj) 






Theory of Planned 


Intention 


0.313*** 


0.182** 
















Behaviour 


PBC direct 


-0.143* 


0.018 


















PBC power 


0.315*** 


0.236** 


.116 3,282 


1 3.4*** 














Attitude direct 










-0.180** 


-0.088 










Attitude indirect 










0.361*** 


0.013 










Subjective Norm 










0.149** 


-0.003 










PBC direct 










-0.320*** 


-0.068 










PBC power 










0.487*** 


0.090*** 


.250 


5, 282 


20.1*** 


Social Cognitive 


Risk perception 


0.286*** 


0.204** 






0.392*** 


0.226*** 








Theory 


Outcome expectancies 


0.139* 


-0.023 






0.350*** 


0.210** 










Self efficacy 


0.301*** 


0.245*** 






0.336*** 


0.197** 










Generalised self efficacy 


-0.036 


-0.001 


.121 4,272 


1 0.5*** 


-0.035 


0.022 


.215 


4, 271 


1 9.8*** 


Implementation intention 




.135* 


135* 


015 1 275 


5.1* 












Onprnnf 1 pnrninn Thpnrv 


Antirin^tpH rnnspm ipnrps 


0.286*** 


0.253*** 






0.392*** 


0.238*** 










FviHpnrp nf hsnitlis 


0.1 84** 


0.080 


.081 2, 287 


1 3.7*** 


0.470*** 


0.371*** 


.263 


2, 286 


52.3*** 




behaviour 




















Common sense 


dentity of condition 


-0.043 


-0.029 






0.043 


0.081 








Self regulation model 


Timeline acute 


0.079 


-0.029 






0.097 


0.000 










Timeline cyclica 


0.010 


0.006 






-0.020 


-0.050 










Control - by treatment 


-0.187* 


-0.115 






-0.217** 


-0.160** 










Control - by patient 


-0.121* 


-0.004 






-0.282** 


-0.089 










Control - by doctor 


-0.140* 


-0.024 






-0.315** 


-0.107 










Cause - stress 


-0.104 


-0.051 






-0.119* 


-0.190 










Cause - family problems 


-0.096 


-0.097 






-0.080 


0.084 










Cause - poor prior medical 


0.039 


0.100 






-0.033 


0.011 










care 






















Cause - patient's own 


0.040 


U.U/4 






-0.048 


nni7 
U.U 1 / 










behaviour 






















Cause - ageing 


0.145*** 


U. I 4j 






0.073 


U.UDz 










Cause - bad luck 


0.053 


0.071 






-0.010 


-0.044 










Cause - overwork 


-0.032 


-0.080 






0.046 


0.052 










Consequence 


-0.080 


-0.063 






-0.061 


-0.015 










Emotional Response 


-0.184*" 


- -0.117 






0.187** 


-0.001 










Coherence 


0.089 


-0.060 


.036 16,268 


1.7 


-0.249** 


-0.142** 


.113 


16,265 


3.2*** 


Precaution Adoption 




-0.09 


-0.09 


.005 1,296 


2.5 


-0.17** 


-0.17** 


0.026 


1, 294 


8.3** 


Process 






















Knowledge 




-.091 


-.091 


.005 1,292 


0.1 


-.163** 


-.148** 


.023 


1, 292 


8.0** 


*p = or <0.05; ** p = or <0.01; ***p = or <0.001. 




















r = Pearson product moment correlation coefficient; Beta - 


standardised 


regression 


coefficients. 















same behaviour, or whether they represent linked but 
alternate behaviours. If the latter, the predictive ability 
of our survey instrument would be likely to be reduced. 

Operationalising the constructs with theoretical fide- 
lity was also challenging. A number of the models 
(OLT, II, CS-SRM) had not been operationalised in this 
way prior to the PRIME studies. OLT and II are usually 
used as intervention methods to change behaviour. 
However, both predicted behavioural simulation, and 



OLT predicted intention and behaviour. Since we 
undertook this study, some of the models have been 
adapted or enhanced, and different approaches to mea- 
surement have been developed - for example, the post 
intentional action-coping planning enhancements of the 
TPB [40,41] and Verplanken's Self Reported Habit Index 
[42]. 

The CS-SRM pattern of results mirrored the overall 
picture of beliefs about consequences and capabilities 
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being important. However, they did not predict beha- 
viour, behavioural simulation, and intention particularly 
well. The model has previously been used mainly to 
refer to an individual's perceptions of their clinical con- 
dition; we used it to measure a clinician's perception of 
the condition in general. We had difficulty operationalis- 
ing this model, and further work is needed to explore 
the utility of this theory to predict clinician behaviour. 

There is a stepwise decrease in the proportion of var- 
iance across our dependent variables from intention to 
behavioural simulation (to behaviour) (Tables 2 and 4) 
as found in previous PRIME studies. Godin's review [16] 
of the predictive value of social cognitive models on 
professional behaviour showed a similar pattern, with 
social cognitive models explaining means of 13% of the 
variance in objectively measured behaviour (from 11 
studies), 44% of self-reported behaviour (from four stu- 
dies), and 59% of intention (from 72 studies). Our 
results are each lower than Godin's average figures, but 
all are within the range reported by other studies. How- 
ever, our explanation of behaviour is at the very lowest 
limit of the reported range. In the previous PRIME stu- 
dies, we have been able to explain 16% of the variance 
in general dental practitioners' use of dental radiographs 
[37] and 6% of primary care physicians prescribing of 
antibiotics for patients who present with an URTI [20]. 
This suggests that our operationalisation of the models 
was likely to have been good, and raises the question of 
why the models did not work as well for ordering lum- 
bar spine x-rays by primary care physicians. 

We can identify three potential explanations. Firstly, 
there was poor correspondence between the behaviour 
specified in the survey and the measured behaviour as 
mentioned above. This highlights the importance of 
clear and consistent framing of the questions and con- 
cordance with the measured behaviour. In the previous 
PRIME papers, the behaviours specified in the surveys 
and the measured behaviours were: dental radiographs 
(survey - use of intra-oral radiographs in patient man- 
agement, data - the number of intra oral radiographs 
taken per course of treatment (good concordance)) [18], 
and antibiotics (survey - prescribing an antibiotic for 
patients presenting with URTIs, managing patients with- 
out an antibiotic, data - number of likely URTI relevant 
antibiotic prescriptions per 100 patients registered (weak 
concordance)) [20]. 

Second, there was potentially excess observational 
error (noise) in our behaviour measure. X-ray-ordering 
data was chosen because it was available from routine 
data sources, and was therefore inexpensive to collect. 
Low back pain was chosen because it was more likely 
that a request for an investigation would be attributed 
to the primary care doctor who issued it. Despite this, 
anecdotally we believe that there may be errors in the 



attribution of x-rays to doctors, with radiology depart- 
ments reporting that requests could be reported to the 
correct practice but attributed to the wrong primary 
care doctor. In addition, we attempted to standardise 
our behaviour by the number of patients registered with 
the primary care doctor to reflect differences in work- 
loads of the participating primary care doctors. We only 
had data on the total number of patients and number of 
primary care doctors in each practice, and so calculated 
an average list size per primary care doctor within each 
practice. This is a relatively crude standardisation 
approach that does not take account of likely variations 
of workload within practices (not all primary care doc- 
tors in the same practice will have the same workload) 
and variations in presentation of the target condition 
(not all primary care doctors will have same rate of pre- 
sentation of low back pain). In the previous PRIME stu- 
dies, these issues were likely to have been more 
problematic in the antibiotic study rather than the fis- 
sure sealant study (where data were abstracted from a 
claims database). These issues reflect some of the chal- 
lenges of using routine data to measure behaviour relat- 
ing to the level of clinical detail available (we could not 
estimate the number of patients each primary care doc- 
tor saw presenting with back pain) and problems of 
attribution of clinical actions to specific primary care 
doctors. In future studies of this kind, it will be impor- 
tant to invest more in the measurement of the beha- 
vioural data. These issues are likely to be less 
problematic in population-based large administrative 
database facilities where there may be detailed under- 
standing of the content of the available data and their 
limitations. Alternatively it could be possible to collect 
behavioural data directly. 

Thirdly, we used a different analytical approach to 
analyse the behavioural data. Previous PRIME studies 
have used multiple regression analyses and used the 
adjusted R 2 statistic from ordinary least squares (OLS) 
regression to quantify the proportion of variance 
explained by the models. In the current study, when we 
conducted multiple regression analyses of behavioural 
simulation and intention, we observed similar magnitude 
R statistics for behavioural simulation and intention 
models. However given the distribution of the lumbar 
spine x-ray data, we had to use negative binomial 
regression for the behavioural analysis. A direct equiva- 
lent to the adjusted R 2 statistic does not exist for nega- 
tive binomial regression. There are several pseudo R 2 
statistics that mimic OLS R in the sense that they can 
range over the scale 0 to 1 with higher values indicating 
a better fit of models to data. We present the results for 
various goodness to fit models that suggest that, in gen- 
eral, the resulting models overall were poorly predictive 
of the behavioural data. However these pseudo R values 
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cannot be used to compare the performance of compet- 
ing theoretical models across different data sets, making 
comparisons of proportion variation explained with pre- 
vious PRIME study surveys qualitative only. To explore 
the likely comparability of these results with previous 
PRIME studies, we undertook an OLS regression of 
square root transformed behavioural data and observed 
an R statistic of 0.05, which is at the lower end of the 
observed R 2 statistics from previous PRIME studies. 
Together, we believe these data suggest that the models 
may be performing similarly to those in previous 
PRIME studies and the analytical approach required due 
to the negative binomial distribution is obscuring this. 

Our final response rate was not high compared to 
what would be expected for a postal questionnaire sur- 
vey to healthcare professionals. Following the report by 
Cummings et al. that up to 1995, response rates of sur- 
veys of healthcare professionals remained constant at 
approximately 60% [43], Cook et al. demonstrated that 
by 2005 response rates in surveys of healthcare profes- 
sionals had slightly declined to an average of 57.5% [44]. 
Given this, we cannot exclude the possibility of selection 
bias in respondents and should be cautious about gener- 
alising from our respondents to the population of UK 
primary care physicians. However, this may be less of an 
issue at this exploratory stage of using these methods, as 
the purpose of the study was theory testing and an 
exploration of the predictive ability of theories to 
explain variations in behaviour. Our aim was not to gen- 
erate data that was representative, but to receive our 
pre-specified number of responses from a population 
who had a range of behaviour, reported a range of beha- 
vioural simulation and intention, and who reported a 
range of cognitions. The study achieved this aim. 

Conclusions 

This study provides evidence that psychological models 
may be useful in understanding and predicting clinical 
behaviour. Taking a theory-based approach enables the 
creation of a replicable methodology for identifying fac- 
tors that predict clinical behaviour. However, there 
remain conceptual challenges in operationalising a num- 
ber of the models and a range of methodological chal- 
lenges in terms of instrument development and 
measurement of behaviour that have to be surmounted 
before these methods could be regarded as routine. 

Additional material 



Additional File 1: PRIME Lumbar Spine Survey Instrument 

Additional File 2: Goodness of fit models for the negative binomial 
regression analysis 
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